INTRODUCTION
Today, the majority of commercially available glycerol results from the purification of the co-product obtained from oleochemical industry (Ayoub & Abdullah 2012; Patel et al. 2006) . Being one of the basic oleochemicals, glycerol plays an important role in influencing the market of oleochemical industries worldwide. According to ABG Inc. Company as cited in Ayoub and Abdullah, it is estimated that the production of glycerol would reach 5.8 billion pounds in 2020. This is due to the demand of biodiesel that is projected at 8 billion gallons in 2020 (Ayoub & Abdullah 2012) . This is a good sign for oleochemical industry in order to replace a petroleum-based product in possible applications where the oleochemical-based product is claimed to be more environmentally friendly and it is a renewable resources compared to petroleum-based product.
Glycerol is a clear, water-white, sweet, viscous, odourless, colourless and hygroscopic liquid at ordinary room temperature above its melting point (Heming 1999; Knothe et al. 2005) . It is stable under most conditions, non-toxic, easily digested and environmentally safe (Jungermann & Sonntag 1991) .
Glycerol is used as an agent in cosmetics, shampoos, soaps, herbal remedies, pharmaceuticals and other household products (Heming 1999) . It is versatile and is used in more than 1000 different products due to its nontoxic properties for use in foods, as stated by SDAScience. org (Peterman 2011) . Besides being used directly in consumer product formulations, glycerol has been used as a starting material to produce other intermediate compounds or products with other possible applications. This will add value to glycerol by varying its applications.
Glyceryl ether is one of the glycerol derivatives and potentially used in many fields. The use of glyceryl ether in microemulsion system has been investigated since 1993 (Fukuda et al. 1993) . Blute et al. (1998) reported that the incorporation of glyceryl ether formed a better microemulsion system. Recently, it was found that the glyceryl ether could be used as a potential alternative co-surfactant for preparing microemulsion such as agrochemical products for crop care and public health sectors ). Nevertheless, this study focused on its application in macroemulsions. Emulsions are defined as disperse systems in which two or sometimes several almost insoluble liquid phases are firmly mixed. There is either oil in water (o/w) or water in oil (w/o) emulsion in the simplest case. Multiphase emulsions are also quite common such as water in oil emulsion that can be dispersed in water to obtain w/o/w emulsion for cosmetic and other technical applications (Rieger & Rhein 1997) . In this study, the effects of glyceryl ether on macroemulsions specifically for cosmetic application were investigated.
MATERIALS
Steareth-2 and Steareth-21 were purchased from Uniqema. Glyceryl ether (major component being mono-tertbutoxypropanediol > 85%) was synthesized according to Yusof et al. (2010) , by reacting glycerol and tert-butanol in the presence of an acidic catalyst. Medium chain triglyceride (MCT) was purchased from Intermed Sdn Bhd. All other reagents were of analytical grades and used as received unless stated otherwise.
METHODS
Potential applications of glyceryl ether (mono-tertbutoxypropanediol) in emulsion systems were explored. Based on hydrophilic-lipophilic balance (HLB), emulsion systems for oil in water were developed. The concept of using the HLB value for the formation of the emulsion was applied according to Rieger and Rhein (1997) . Based on 12 HLB value, screening for stable emulsions was carried out without the presence of glyceryl ether or glycerol by varying the amount of surfactant mixture. Glycerol or glyceryl ether was only incorporated when a stable emulsion was obtained. The stable emulsion in the absence of glyceryl ether or glycerol, so-called placebo was used as a control in this study.
PREPARATION OF MACROEMULSIONS
Melted lipid phase consisting of 5% MCT and 1.65% lipophilic surfactant (Steareth 2) was added to a hot aqueous solution containing 3.35% hydrophilic surfactant (Steareth-21) and 1-5% glyceryl ether or glycerol. Both phases (lipid and water phases) were heated to 70°C. The mixture was homogenized at 10,000 rpm for 2 min using Polytron PT 3100 homogenizer (Kinematica Inc, Switzerland). Finally, the emulsion formed was stirred until ambient temperature (25°C) was reached.
STABILITY STUDY OF EMULSIONS
In order to identify the stable emulsion, two methods for stability test were conducted. The first method was the observation in phase separation of emulsions at different temperatures. The observation was recorded periodically. Each sample was divided into three sample bottles and stored at three different conditions, namely: room temperature; freeze/thaw (6 days) -sample was stored for 24 h at room temperature and then stored at 5°C for 24 h. The cycle was repeated for 3 cycles; and 45ºC (3 months). The second method was the accelerated test using a LUMiFuge stability analyzer. The method which is using near infrared transmission measurements during centrifugation was applied in stability study by other researchers (Kanagaratnam et al. 2013; Kuentz & Röthlisberger 2003) . The samples were filled into rectangular polycarbonate cells with a stopper and then placed horizontally in the centrifuge. This system measures near infrared (NIR) transmission profiles continuously during centrifugation resulting in 256 measurements. LUMiFuge software calculated the integral of every transmission curve over a chosen length (the sample length). A graphical representation of transmission as a function of position presents the transmission profile (Kanagaratnam et al. 2013) . From the data obtained, the software also calculates the instability index of the samples.
PARTICLE SIZE ANALYSIS
Particle size analysis was carried out by a laser diffraction particle analyser, the Malvern Hydro 2000S (Worcestershire, England). The particle size of the emulsions was described by the cumulants mean diameter according to StanleyWood and Lines (1992) as cited in Loo et al. (2014) .
VISCOSITY
A rheometer, MCR 300, PAAR PHYSICA was used to determine the viscosity of prepared emulsions at 25ºC.
IN VITRO DERMAL AND OCULAR IRRITECTION ASSAYS
The dermal and ocular irritection assays are quantitative in vitro test methods that mimic acute dermal and ocular irritation tests. To perform the ocular irritection standardized assay, the test sample is applied to a synthetic biobarrier composed of a semi-permeable membrane. While for dermal irritection standardized assay, the test sample is applied to a similar synthetic biobarrier that is coated with a dye-containing keratin-collagen matrix. Following application, the sample is absorbed and permeates through this synthetic biobarrier to gradually come into contact with a proprietary solution containing highly ordered globulins and glycoproteins. Reaction of the test sample with these proteins and macromolecular complexes promotes conformational changes that may be readily detected as an increase in the turbidity of the protein solution. With the dermal irritection test, turbidity as well as the dye that has been dissociated from the biobarrier during transit of the applied sample was detected spectrophotometrically at a wavelength of 450 nm. With the ocular irritection test, turbidity was detected spectrophotometrically at a wavelength of 405 nm. Comparison of the optical density to those produced by standard chemical irritants permits calculation of an irritancy score that has been shown to be directly related to the potential corneal or dermal irritancy of the test material.
The dermal irritancy potential of a test sample is expressed as a Human Irritancy Equivalent (HIE), whereas the ocular irritancy potential of a test sample is expressed as an Irritection Draize Equivalent (IDE). IDE and HIE have been reported to correlate well with in vivo investigations by the Draize method and human test, respectively (Ismail et al. 2013; Zafarizal Aldrin et al. 2005) .
ACUTE MOISTURIZING TEST
A study on acute moisturizing effect of prepared emulsions was conducted on 20 subjects. For the study, the skin hydration was measured before and after product application. The product was applied on pre-marked test areas of the forearms while the control was untreated skin. The measurement was taken before and at 30, 60, 90, 120 and 180 min after product application. All measurements were carried out using the Corneometer CM 825 (Courage and Khazaka, Germany), which measures the skin moisture. The measuring principle of the instrument is based on the capacitance measurement of a dielectric medium. The dielectric constant of the skin changes with the water content. The changes in water content of the stratum corneum are converted to arbitrary units of hydration (Berardesca et al. 1997) .
RESULTS AND DISCUSSION
Although phase separation of some emulsions did not occur when observed at ambient temperature, the LUMiFuge stability analyzer was able to show undesirable instability index. From both stability test methods, it was found that LUMiFuge stability analyzer is very useful in rapid determination of emulsion stability. A stable emulsion was then used for further study by incorporating glyceryl ether in the emulsion system. Glycerol was incorporated in the emulsion system as a benchmark. The emulsions were analyzed for stability, viscosity, pH value, particle size, in vitro dermal irritation potential, in vitro ocular irritation potential and also moisturizing property. The results from the accelerated test indicated that all emulsions are considered stable at 25°C for six months and at 45°C for three months based on a very low instability index ( Table  1 ). The higher the value of the instability index, the more unstable the emulsion is within the estimated period of time. The highest value of the instability index is 1.
The viscosity of the emulsions were measured and the results showed that the viscosity of the emulsions increased with increasing amount of glycerol and decreased with increasing amount of glyceryl ether as shown in Figure  1 . According to Aghel et al. (2007) , glycerin was used as viscosity modifier in the formulation of a clear liquid shampoo base. The pH values of the emulsions produced were in the range of 6 to 6.5. The near neutral pH value correlates with low skin irritation (Baranda et al. 2002) . The particle size of the emulsions produced (5.2-7.7 μm) remained unchanged even after two years of storage at ambient temperature. Thus, the emulsions produced were stable upon storage.
A cosmetic product should not induce any irritation to the skin. Furthermore, it is preferable to have a product which also does not irritate the eyes. The irritation potential of a compound to the skin and eye can be assessed and predicted by using in vitro dermal and ocular irritection assays, respectively (Ismail et al. 2013; Zafarizal Aldrin et al. 2005) . The dermal or ocular irritection assay is an alternative method to animal irritancy studies (Draize Test) that mimic biochemical phenomena. The in vitro irritection assays have been reported to correlate with in vivo irritancy tests (Sina et al. 1995) .
The in vitro dermal irritection assay (Figure 2 ) shows that all emulsions are classified as non-irritant to the skin based on the HIE score (below 0.9). Meanwhile the in vitro ocular irritection assay shows that all emulsions produced are classified as minimal or minimal/mild to the skin (Figure 3) . Therefore, the emulsions produced could be used either for skin or face products.
Besides measuring the viscosity, pH value, particle size, in vitro dermal and ocular irritection of the emulsions, the effects of glyceryl ether in emulsion on skin hydration were also conducted. The tests were carried out on 20 test subjects and the readings of skin hydration, untreated and treated with the emulsions were recorded every half an hour for 3 h. Figure 4 shows the percentage variation in hydration of the emulsions tested. There was no variation of skin hydration on untreated areas (UT) indicating that the test was well controlled. Glycerol is a well known humectant. Humectant attracts water and help to keep that water bound in stratum corneum (Dobos 2014) . The presence of 1% and 5% glycerol in the emulsion significantly increased the skin hydration compared to placebo (p<0.05). The presence of 1% and 5% glyceryl ether in the emulsions also significantly increased the percentage variation in hydration compared to placebo (p<0.05). Even though the moisturizing property of glyceryl ether is lower than glycerol, it still exhibits a good moisturizing effect to skin. A high skin hydration level of emulsion containing glycerol was reported by Alber et al. (2014) . The superior moisturizing property of glycerol could be attributed to the three hydroxyl groups in the glycerol molecule, whereas the glyceryl ether has only two hydroxyl groups. The presence of more hydroxyl group could bind more water, thus increase skin hydration.
CONCLUSION
The utilization of glyceryl ether (mono-tertbutoxypropanediol) in macroemulsions was successfully investigated. Emulsions with glyceryl ether showed lower viscosity values than emulsions with glycerol. The product also exhibited good moisturizing property even though it is not as superior as glycerol. Glyceryl ether could be an alternative for glycerol when one wants to formulate a product with lower viscosity yet moisturize the skin.
